Unlike other postsecondary degrees in the mathematical sciences, the state of master's level education has not received much attention. To help examine the practices, format, and requirements of M.S. and M.A. programs in the mathematical sciences in the United States, the authors conducted a nationwide survey in 2013. This article presents the findings of this survey from the institutions whose highest degree offered is a master's level degree.
The committee subsequently surveyed several major programs of the day across the United States. In a 1911 article in the Bulletin of the American Mathematical Society (Curtiss et al.) , a detailed description of contemporary master's degree programs and the issues facing them is given. It is interesting to note many of the issues mentioned in this article-salaries of instructors, student preparation for graduate work, course load for students, etc.-are still issues of concern in most departments today.
In another 1911 article of the AMS (Bocher, Curtiss, Smith, & Van Vleck, 1911) , the master's degree is described as "commonly given for one year's graduate work done largely in one subject" and "tested either by course examinations" or "by a single examination covering the whole year's work." A thesis is also mentioned as an option, even though it is pointed out that most master's students will not go on to further study in mathematics.
The common perception is that this model has been followed, with a few adjustments, by most institutions for the past 100 years. But is this truly the case? With the number of institutions offering a master's degree growing significantly since 1911, what are the current practices of such institutions?
This study follows in the footsteps of the study commissioned in 1902 (Waldo et al., 1904) and collected similar data on the nature of the method in which graduate instruction at the master's level is conducted. This study is meant to examine current practices, not to promote best practices. The focus of the study was institutions whose highest degree awarded in mathematics is a master's degree. As institutions offering doctoral degrees often have differing practices and attitudes towards the master's degrees, these schools were excluded from the study. (However, the authors did collect data from programs at these institutions and hope to share their findings in a future publication.)
Method
In an attempt to identify the population of American colleges and universities offering master's degrees in the mathematical sciences, the authors began with the Directory of Institutions maintained on the American Mathematical Society's website (http://www.ams.org/profession/dirinst/dirinst-index.html).The list was sorted and programs offering master's degrees were selected. This list was further sorted into two groups, institutions offering PhDs and institutions offering master's degrees as their highest degree. Representatives of the programs at these two sets of institutions were sent links to an online survey offered through SurveyMonkey and a letter explaining the survey through e-mail on April 10, 2013. The survey kept track of programs who completed the survey, and the survey authors tracked other programs that responded with updated e-mail addresses or opted out of the survey. Based on correspondence from the April 10 th mailings, the list of programs to contact was revised. A second request was sent via e-mail on August 5, 2013.
Of the 325 master's programs and 493 doctoral programs in mathematical sciences who were sent e-mails, 201 institutions consented to participate in the survey. This included 83 institutions offering master's degrees as their highest degree, and 118 institutions offering PhDs. In this study, the authors chose to examine only the responses from the programs at institutions offering master's degrees as their highest degree.
The authors further restricted the study to programs which answered the question "Which of the following terms best fits the degree you are describing?" as Mathematics, Mathematical Sciences, or Applied Mathematics. Programs which left the question blank or answered the question as Mathematics Education, Statistics, Computer Science, or Financial Mathematics were not included.In addition, the authors included three programs that answered the question as Other and gave the following three responses: "3 options: Mathematics, Applied Mathematics, and Statistics," "Actuarial Science, Statistics, Mathematics and Computer Science," and "Computational Mathematics (Blend of Mathematics, CS, and Statistics)." None of the other programs which answered the question as Other were included.
This gives a total of 51 programs which were included in the study. Additionally, seven institutions replied that their master's level programs had been terminated or suspended. The survey responses were summarized using the statistical software program SAS.
Results
Fifty-one programsin mathematical sciences whose institutions offer no mathematics degree higher than the master's responded to the survey; two of these were from the same institution. A little over half of these (27 or 53%) reported being housed in a department of mathematics. Nine respondents (18%) indicated they were in departments of mathematics and statistics, seven (14%) said they were in departments of mathematics and computer science, and eight (16%) were in departments of mathematical sciences or other multidisciplinary departments. A clear majority (40 or 78%) of the programs offered the M.S. (Master of Science) degree, while 11 (22%) offered the M.A. (Master of Arts) degree. As Table 1 indicates, the most common degree name was "Mathematics." The vast majority (46 out of 50, or 92%) of those who responded to the question regarding term structure indicated that their institutions operate on semesters, while a few (4 or 8%) said their institutions have quarters. A slight majority of respondents indicated that the average time to degree for their programs is three to four semesters (four to six quarters). Table 2 summarizes the responses regarding average time to degree. No. Programs (% of Programs, n = 51) 2 semesters or less (3 quarters or less) 1 (1.96%) 3 to 4 semesters (4 to 6 quarters) 29 (56.86%) 5 to 6 semesters (7 to 9 quarters) 18 (35.29%) 8 or more semesters (10 or more quarters) 3 (5.88%) Very few programs reported average completion times of two or fewer semesters or eight or more semesters. All respondents indicated that their programs required at least 30 semester credit hours; Table 3 summarizes the responses for credit hour requirements. Nearly half of the 50 respondents (23 or 46%) said their programs required 30 credit hours. The second most commonly reported number of required credit hours was 36 with 11 responses (22%).
Thirty-eight (75%) of respondents indicated that their programs offer daytime on-campus classes, 38 (75%) indicated that their programs offer evening/weekend on-campus classes, and 9 (18%) indicated that their programs offer online classes. When asked about the format of the majority of the classes associated with their programs, 27 (54%) of the 50 respondents said that the majority of their program's classes are evening/weekend on-campus classes, 22 (44%) said the majority of their classes are daytime on-campus classes, and 1 (2%) selected online classes.
The authors also asked program representatives about the admission requirements for their programs. Table 4 summarizes the responses to the question regarding whether the GRE is required. Only two programs reported requiring the subject exam (one subject only, one both general and subject), and over half of responding programs (29 or 58%) indicated that their programs do not require the GRE at all for admission.
Program representatives were also asked about the minimum background an undergraduate student should have prior to admission. Table 5 summarizes the responses to this question; respondents were told to mark all that apply. Clearly, single variable calculus, multivariable calculus, introduction to proof, and linear algebra are very commonly expected; and abstract algebra, real analysis/advanced calculus, and differential equations are also often considered to be necessary parts of a student's background before entrance into a graduate program in mathematics.
Program Requirements
Survey participants were asked about their programs' requirements. In particular, the survey included questions about core courses, whether nonmathematics courses could count toward the degree, comprehensive examinations, theses, presentations, foreign languages, and other requirements. Figure 1 summarizes responses regarding whether comprehensive exams are required, whether theses are required, and whether presentations are required. While an optional thesis is fairly common, none of these program features are required by a majority of respondents. These results will be discussed in more detail later in this paper.
Most responding programs (43 of 50, or 86%) have a list of core or required courses that students must take or a list from which students must choose. The program representatives that reported having such a core were asked further about the types of courses in the core, and 38 of the representatives provided a list of courses. One of the authors categorized the responses, and Table 6 summarizes the results for all core areas that were mentioned at least three times. a Eight programs also indicated that they require a second semester of real analysis, eight a second semester of algebra, one a second semester of topology, and two a second semester of applied mathematics. Real analysis and algebra are frequently included in the core, while linear algebra/matrix theory and complex analysis also make regular appearances.
Forty-seven survey participants responded to a question regarding whether non-mathematics courses can count toward their degrees. Of these, 31 (66%) indicated that students can count such courses. Program representatives were specifically asked about several areas: 25respondents said students in their programs can count computer science classes, 21 said their students can count statistics, 12 said their students can count mathematics education, 18 said their students can count physics, and 13 said their students can count economics. Several respondents listed various other areas, including engineering and other areas of science; a few indicated that their programs would count courses from any (or almost any) area.
The survey asked for the maximum number of hours outside of mathematics that can count toward the degree in question. Table 7 summarizes the responses to this question. A slight majority of reporting programs indicated that the maximum number of hours outside of mathematics that can be applied is six. No program reported allowing more than 15 non-mathematics hours.
The authors asked program representatives about comprehensive examinations. Of the 47 survey participants who responded, 20 (43%) said comprehensive exams are required, 18 (38%) said they are not offered, and 9 (19%) said they are optional. Those whose programs have comprehensive exams were asked about the format of the exams; they were asked to mark all that apply. Table 8 summarizes the results. Of the 29 respondents who answered a question regarding comprehensive exam content, 21 (72%) said their comprehensive exams are drawn from a fixed list of subject areas. Survey participants were further asked about what subjects are covered on their programs' comprehensive exams, and 20 program representatives provided a list of subjects. One of the authors categorized the responses, and Table 9 provides a summary of the results. Considering the courses given as core courses in the survey responses, it makes sense that real analysis and algebra are the most commonly listed areas for the comprehensive examinations.
The authors also asked respondents how many topics are included on their comprehensive examinations. Table 10 summarizes the results. Degree representatives were also asked about the amount of time allotted for exam completion. Table 11 provides a summary of the results. While the most commonly reported amount of time allotted for comprehensive exams was three to four hours at 10 (35.71%), nontrivial proportions reported two to three hours (6 or 21.43%) and over 6 hours (6 or 21.43%).
The authors included a question on the survey that asked for the approximate percentage of students who pass all comprehensive exam requirements on the first attempt. Table 12 summarizes the results. No. Programs (% of Programs, n = 28) 0% to 20% 2 (7.14%) 21% to 40% 2 (7.14%) 41% to 60% 6 (21.43%) 61% to 80% 7 (25.00%) 81% to 100% 11 (39.29%)
A majority (64%) of responding programs have estimated first-attempt pass rates above 60%, while only a few (4 or 14%) reported estimated rates of 40% or lower.
The authors also asked program representatives about theses. Of the 47 survey participants who responded, 31 (66%) said theses are optional, 8 (17%) said they are not offered, and 8 (17%) said they are required. Those whose programs have theses were asked to select the category that best describes the theses defended in the past three years. Table 13 summarizes the results. Survey participants were asked whether presentations were required (not as part of a course or comprehensive exam or thesis). Of the 46 survey participants who responded, 20 (44%) said presentations are required, 13 (28%) said they are not offered, and 13 (28%) said they are optional. Respondents who said presentations are required were also asked how the presentations are delivered; they were asked to mark all that apply. a Although the first question about the required presentation asked about required presentations that are not part of a class or comprehensive exam or thesis, two of the five respondents who marked "Other" indicated that the presentation is part of a defense.
Respondents were asked to describe how the presentations are assessed. Most of the responses indicated that a committee assesses the presentation.
All 47 program representatives who answered a question regarding foreign language requirements indicated that a foreign language is not required for degree completion. Of the 47 respondents who answered a question about whether competency in technology that is not part of a course must be demonstrated, 44 indicated that it is not required. Two of the three respondents who said that competency in technology is required mentioned use of LaTeX as part of their requirements.
Survey respondents were also asked whether there are any other degree requirements that are not part of a course. Responses included mentions of a capstone, a project, an internship, an attempt at an actuarial examination, a writing test, a graduation questionnaire, and an essay. Respondents who indicated that at least one possible degree requirement (comprehensive examination, thesis, or presentation) was optional were asked to describe how the potential requirement could be used (e.g., a thesis could be used to replace a comprehensive examination); while there were a variety of responses, several respondents indicated that students could choose between a comprehensive examination and a thesis). Fifteen of 46 respondents (33%) indicated that students can complete their programs with coursework only.
Unique Features and Strengths of Programs
Program representatives were asked to describe unique features of their programs, and 31 of them responded. Four respondents claimed their programs are flexible (one of these mentioned that they attract quite a few online students), and a couple indicated they were rigorous. (Note that one institution said they were both flexible and rigorous, so they are counted among the four "flexible" and two "rigorous" responses.) Two referred to their teaching approach (one inquiry-based methods, the other the Moore method). Three noted that their graduate students get the opportunity to teach (two of these specified "remedial" classes). Some program representatives referred to specific areas, some referred to research opportunities, some noted requirements that they have, and some mentioned that they are small or offer individual attention. Several described the multidisciplinary nature of their programs. One institution (besides the ones geared toward teachers) said they catered to part-time students who work full-time. Interestingly enough, three respondents said there was nothing unique about their programs.
Finally, survey respondents were asked what they think their degree programs do best, and 38 program representatives answered the question. Here most programs referred to preparation. Approximately 16 said they prepare students for further graduate study (although one noted they aren't really designed for that). At least a couple of these specifically said they were good at helping students who were not quite ready for a PhD program to prepare for that. Approximately nine programs said they prepare students to teach (two just said teaching, two said teaching high school, and five said teaching at the community college level). Approximately nine institutions mentioned preparation for careers/jobs; two of these were quite specific in their descriptions. Three respondents said they were good at advising or mentoring, a couple mentioned research, and a couple mentioned flexibility. Several mentioned individual attention, and one indicated that their teaching assistants get teaching experience. One program representative said they are good at recruiting minority students, and one confidently declared that they "do it all well."
Discussion
While it cannot be assumed that the programs who responded to this survey are representative of all master's programs that serve as the highest program in mathematical sciences offered at their institutions, the responses to this survey may provide some insight into the current state of master's programs in the mathematical sciences in the United States. The survey results paint a picture of variety in terms of program requirements and courses offered.
Most responding programs operate on semesters, and most indicated that the average time to degree for their programs is three to six semesters (four to nine quarters). Almost half of responding programs require 30 semester credit hours for degree completion, and nearly a quarter of the programs require 36 semester credit hours. Daytime on-campus classes and evening/weekend on-campus classes are common among surveyed programs; online classes are no longer unusual but are not the norm yet either.
Requiring comprehensive examinations is no longer the norm among the surveyed programs, and allowing an optional thesis to count toward degree requirements is common. Those who have comprehensive exams reported a variety of topics covered, although analysis and algebra seem to be staples, and written exams with multiple parts are typical.
Many of these programs offer optional theses, with original or detailed expository work being expected most of the time. A large proportion of responding programs with required or optional presentations indicated that the presentations are part of a university or department colloquium or seminar.
